NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


NASA CR. 



fNASA-CF-144561) LANEING PRESSURE LOADS OF 
THE 140A/B SPACE SHUTTLE ORBITEP (MODEL 
DETEFilNED IN THE POCK WELL 

International low speed hind tunnel (ca69) . 

VOLUME 2 Aecothermcdyna«lc Data Report 


N76-16138 

HC 5 \1.oo 

Unclas 

G3/18 j8747 


SPACE SHUTTLE 

AEROTHERMODYNAMIC DATA REPORT 



JOHNSON SPACE CENTER 
HOUSTON, TEXAS 


iS^niagement services 


SPACE DIVISION 



CHRYSLER 

CORPORATION 



V i 

kp 







4r- 

J- 



December, 1975 


! V 







DMS-DR-2081 
NASA CR-144,581 

VOLUME 2 OF 2 

LANDING PRESSURE LOADS OF THE -140A/B 
SPACE SHUTTLE ORBITER (MODEL 43-0) DETERMINED IN THE 
ROCKWELL INTERNATIONAL LOW SPEED WIND TUNNEL 

(0A69) 

by 

T. L. Soard 
Rockwell International 


Prepared Under NASA Contract Number NAS9-13247 


by 

Data Management Services 
Chrysler Corporation Space Division 
New Orleans, La. 70189 


for 

Engineering Analysis Division 
Johnson Space Center 

National Aeronautics and Space Administration 
Houston, Texas 


I 


I 


I 



WIND TUNNEL TEST SPECIFICS: 



Test Number: 

NASA Series Number: 
Test Dates: 

Model Number: 


NAAL 711 
OA69 

27 through 31 August 1973 
43-0 


FACILITY COORDINATOR: 

R. B. Russell 

Rockwell International B-1 Division 
Los Angeles International Airport 
Los Angeles, California 90009 

Phone: (213) 670-9151, X-3343 


PROJECT ENGINEERS: 

B. W. Cameron and T. L. Soard 
Rockwell International B-1 Division 
Los Angeles International Airport 
Los Angele.-', California 90009 

Phone: (213) 670-9151, X-3343 


DATA MANAGEMENT SERVICES: 

Prepared by: Liaison--D. A. Sarver 

0perations--H. C. Zimmerle 


Approved: 




L. G1 
5a ta Ope 


rsrxic 


Manager 

ons 


Concurrence : 


N. D/Nemp, Manager 
Data Management Services 


Chrysler Corporation Space Division assumes no responsibi 1 i ty for the 
data presented other than display characteristics. 


ii 





.J 
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by 

T, L. Soard 
Rockwell International 

ABSTRACT 

The data presented in this report were obtained during wind tunnel 
tests of a 0.0405 scale model of the -140A/B configuration of the Space 
Shuttle Vehic'’e Orbiter. These tests were conducted in the Rockwell 
International Low Speed Wind Tunnel (NAAL) during the period of August 
?8, 1973 to August 31, 1973. NASA Space Shuttle test designation is 
0A69. 

The primary test objective was to obtain pressure loads data from 
the orbiter in the landing configuration in the presence of the ground 
for structural strength analysis. This was accomplished by locating as 
many as 30 static pressure bugs at various locations on external model 
surfaces as each configuration was tested. A complete pressure loads 
survey was generated for each configuration by combining data from all 
bug locations, and this report describes those loads for the fuselage, 
wing, vertical tail, and landing gear doors. 

Aerodynamic force data was measured by a six component internal 
strain gage balance. This data was recorded to correct model angles of 









attack and sideslip for sting and balance deflections and to determine 
the aerodynamic effects of landing gear extension. 

All testing was conducted at a Mach number of 0.165 and a Reynolds 
number of 1.2 x 10® per foot. Configurations tested included eleven 
deflections of 0'^, -20°, and -40°, and rudder deflections of 0°, -7.5°, 
and -15°. The angle of attack range was -3° to +16° with the model center 
of rotation remaining at the same height above the ground plane through- 
out '.he test. All configurations were tested at angles of sideslip of 
0° and +10°. 
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SREF wing area or ret\-r»‘n^'»- m , ft 

MRP moment reff^rerue point 

XMRP mom**rit r^f^^renei-* X »ixls 

XMRP mom«*nt reference pc^int on I a/ Is 

ZKRF' moment ret^^reriCf* poir*t on / -ixi^ 


SUBSCRIPTS 

b 

I 


m 


t/'jse 

local 

tatic condition’ 
t^.tal condition- 

free *treMm 


P 





JfOMO»ru1\;RE (Continued) 


Body-Axl,: r^yctem 


PLOT 

SYMBOL 


DEFIBITTOW 

normal coefficient; 

qP 

axlal-force coefficient; 

qG 

9 lde-force coefficient; 


S)U3c -force coefficient; 

qS 

-Ab(l>b ^ Pa>)/M"> 

forebo4; ixi’i] for<te coefficient, 

pitclilii, -iitowont c<K«fflcJi!iit; pitching raowent 

•i^Irep 

yawing'Bionent coefficient; yawlnfi^w^nt 
relllng*manent coefficient; 


Stablllty-Axls gyatem 


lift coefficient; 
drag coefficient; 

qS 

base-drug coefficient; 

qG 

forebody <irac coefficient; 

«ido -force coefficient; 

(iG 

pltoliing -moment poofflclent: 

'^'/rep 

yawing-moment coefficient; 


roUlng-nuraent coefficient; rolH-ng 


llft-to-drag ratio; Cj/Cq 

lift to forebody drag ratio; C^/Cdj, 


ftffiRODUCIBILrrY OF THE 

FAOF TP T> 00 R 



NOMENCLATURE (Continued) 
Svirface Deflections 


Symbol 

«e 

Plot 

Symbol 

ELEVON 

Definition 

eleven surface deflection angle, positive 
deflection, trailing edge down; degrees 

«f 

BDFLAP 

body flap surface deflection angle, positive 
deflection, trailing edge down; degrees 

«r 

RUDDER 

rudder surface deflection angle, positive 
deflection, trailing edge to the left; degrees 



ADDITIONS TO STANDARD NOMENCLATURE 
FOR TEST 0 A 69 

Symbol 

Plot 

Symbol 

Definition 

X/tg 

X/LB 

fuselage local coordinate, longitudinal distemce 
from the nose expressed as a fraction of body 
length 

1290.3 

(F.S. s full scale fuselage station) 

♦ 

PHI 

fuselage local coordinate, radial position Euigle 
measured from the bottom centerline in degrees, 
O® to 180® on both sides. 

b 72 

Y/BW 

wing local coordinate, spanwise distance from model 
centerline expressed as a fraction of wing semispan 

x/c 

X/CW 

wing local coordinate, chordwise distance from the 
local leading edge expressed as a fraction of local 
chord. 


2 /BV 

vertical tall local coordinate, vertical distance 
from W.L. 500 (full scale) expressed as a fraction 
of the vertical tall height measxired from W.L. 300 . 

x/c 

X/CV 

vertical tail local coordinate, chordwise distance 


from th« local leading edge expressed as a fraction 
. of local chord. 
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NOMENCLATURE (Concluded) 


Symbol 

x/Iq 




^BC 


Plot 

Symbol Definition 

X/LG landing gear door local coordinate, distance from 

the leading edge expressed as a fraction of door 
length . 

Z/IIG landing gear door local coordinate, distance from 

the upper edge expressed as a fraction of the door 
width* 

balance chamber area, ft.^ 

balance chamber axial force coefficient. 


^AT 

Cau 

CRFS 

CRWP 

GP.POS 


BC 


**81’ ^B2’ 


B5 


X^p/Lg XCP/L 


weight tare axial force coefficient. 

uncorrected axial force coefficient, 

model longitudinal center of rotation, in fus, sta. 

model vertical center of rotation, in. W.P. 

wing trailing edge height above ground plane, 
fraction of wing span, at a = 0® 

base pressure, psia. 

balance chamber pressure. 

base pressure at stations 1, 2, — 5* respectively, 
psia. 

longitudinal center of pressure, fraction of 
body length. 


(j) 
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WSraODUCIBILnY OP IHB 
OB361NAL PAGE IS POOR 



(MNKir.MKATlON I NVir.Tl CATI'll) 


'•'ho model tested was an 0.0405 scale representation of the 
-140 A/H configuration of the Rockwell International Space 
Shuttle Vehicle Orbiter. The model was constructed about an 
aluminum balance block with a 4.25 inch diameter balance 
cavity. The body mold lines, wings, and vertical tail attach 
directly to this block, and all model components are con- 
structed of wood and/or aluminum. 

The basic model configuration is of the Mended wing-body 

design utilizing a double delta wing (75/45A „ ), full span 

* 

elevens (unswept hingeline), a centerline vertical tail with 
rudder and/or speedbrake capability, and side mounted manipu- 
lator arm housings. A canopy, body flap, orbital maneuvering 
system, and landing gear attach to the fuselage and complete 
the basic configuration. 

The following nomenclature designates the model components used 
during this test. 


I? 






% 






k i 1 











o 


CONKHIDKATJ ON I NVKSTlGATl'in ( (’one I mioil ) 


Component 

B, 


2b 


C, 


•2b 


‘15 


M. 


R, 


Description 

-140A/B Baseline Fuselage 

-140A/B Baseline Canopy, configuration 3A 

Full Span Split Flevon used on Wing 
Configuration 4. 

Fuselage B,^ Body Flap, Configuration 4 
Landing Goar 

Fuselage Oms Pods, Configuration 3A 

Rudder used on 'Vertical Vg, Configuration 
3A 


Vo -140A/B Baseline Vertical Tail, 

0 

Configuration 3A 

W -140A/B Baseline Double Delta Wing, 

X (•) 

- 2690 ft" 

IV 

Xq Transition Grit, .0054 In. Diameter 

on Nose, .0077 In. Diameter on Wings 
and Vertical Tail 




o 
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TEST FACILITY DESCRIPTION 


North American Aerodynamics Laboratory (NAAL) 7.75 x 11-foot Wind 
Tunnel Is a continuous flow, closed circuit, single return tunnel capable 
of speeds up to 200 miles per hour. 

The test section is vented to atmospheric pressure and Is 7.75 x 11 
feet wide and 12 feet long. Power Is supplied by a 1250-horsepower na- 
celle-mounted synchronous motor driving a 19-foot, seven-blade, laminated 
birch propeller. Airspeed Is controlled by using a magnetic clutch to 
vary the degree of coupling between the motor and propeller. Turbulence 
Is minimized by a damping screen and a honeycomb section In the settling 

chamber upstream from the contraction cone (ratio 7.53 to 1). 

* 

Tests may be conducted using a variety of mounting systems: single 
strut, double strut, sting strut, reflection plane, cable suspension, or 
two-dimensional wall. Aerodynamic data may be measured by a planar type 
external balance system or sting-mounted Internal balances. An Astrodata 
Automatic Data Acquisition System collects, multiplexes, digitizes, and 
records on magnetic tape 50 channels of force or pressure data or both. 
Data are then reduced and plotted using automatic data processing equip- 
ment and an automatic digital plotter. 

The NAAL Wind Tunnel has been operating since June 1943. Calibra- 
tions are available over a wide range of test conditions. 
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DATA REDUCTION 

All model force and pressure data was reduced to coefficient 
form in both the body and stability axis systems. Model 
angles of attack and sideslip were corrected for sting and 
balance deflections in addition to the standard facility 
corrections (wall interference, blockage effects, etc.) ap- 


plied as required. 


Axial force (body axes) was corrected for model weight tare 


in addition to base pressure effects. Corrections were made 
prior to the calculation of stability axis data. Axial force 
corrections were applied in the following manner: 


C.„ » C.„ - C. 
AF AU A, 


^AB ■ ^AT 


Where 




^AB " ■ q S. * ^B ° ^^Bl ^B2 * * ‘ * ^’bS^ 


“ Model Axial Force Weight Tare 

Center of pressure was computed in percent of body length as 
indicated below: 

XCP/LB = C.G. (In. Aft of Nose) - 


O 
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DATA REDUCTION - Continued 

All model pressure measurements recorded were reduced to coef- 
ficient form in the following manner: 


P. - P 

1 o 


i = pressure orifice number 


Pi q 

All aerodynamic data were reduced to coefficient form using 


the following reference dimensions: 
Definition 


Symbol 

Ap 

Ape 


Full 

Scale 


Area of base, (with QMS) 

(without QMS) 

Area of balance cavity, ft^ 


Model 

Scale 

.594 

.440 

.0985 


1- • 
1 . 

% - 

XMRP 

Reference C.G., in. aft of nose 
, fus. Si-.t. 

841.47 

1076.47 

34.080 

43.597 

. 

ZMRP 

Reference C.G., waterplane 

400.00 

16.200 

i 

CRFS 

Model center of rotation, fus. 

sta. 

47 .70S 

'X 

CRWP 

Model center of rotation, waterplane 

7.503 

't 

{ 

Ap 

Moment reference (orbiter body) 
length, in. 

1290.30 

52.257 

4 

S 

Area of wing, ft^ 

2690.00 

4.412 


o 
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TEST i 0A69, NAAL 711 


DATE 


TABLE I. TEST CONDITIONS 


MACH NUMBER 

REYNOLDS NUMBER 
(per unit length) 

DYNAMIC PRESSURE 
(pounds/sq. inch) 

STAGNATION TEMPERATURE 
(depees Fahrenheit) 

"■ " '0.165“ ■ " 

1.20 X lOVFT 

40 LB/FT2 

90 - 120°F 






























































BALANCE UTILIZED: 


TASK 2.5 INCH MK IX 


NF 

CAPACITY. 
1500 LB. 

ACCURACY- 

t .25% 

SF 

750 LB. 

± .25% 

AF 

200 LB. 

± .25% 

PM 

RM 

4000 IN-LB. 

± .25% 

YM 




COEFFICIENT 

TOLERANCF: 


COMMENTS; 
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TABLE II (Continued) 
COMPONEMT/PRESSURE I.D» NUMBER SUMKARY 


u: K' 


CV4 ro 

m CO o o 

r>. cvj ro 


X 

o 

h- 

U. 

[ X 
CD 

to f— 
. u. 

jr^ H- 
U. U. 

»-*« 

UJ 



UJ LU 

DC 


1 o: 

V j-J 


CM 

00 

CM 

3 ^ 

•— m 

CM 

u> 

CM 

o 

CO to 

CM 

CO 

CM 

uo 

00 

• 

• 

• 

X • 

« * 

vl 

aI 

vl 

V 1 V 1 

aI a1 


3 

3£ 

00 3 

3 3 


lf> o f- 
co ^ u. 

O O 


^CD 


X 

X U) 

X 9^ 

• X UJ 

X X 

cc 

A 

CSC 

«k 

* m 

m 0% 

as CM 

o> to 

as CM 

as ur> ^ 

as to 

Cl iO 

o 

as uo 

as O ro 

cc o 

CM CO 

CM ^ 

CMfO 

CM ^ to 

CM ^ 


vIaI vIaI 

CO CO O C5 
X X XX 
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CO CD CO CD 

>• >- >• >- 


i II A| il i 


3 ^ ^ 

CO CD CO 


-J h- DC 

SB” 


oo oo oo oo 


0) 

CJ o «o 


o o oo oo o< 


5 5 

ac se 


oo OCM o O O LT> 

r“ Cn r*» CNi r* CO p— • r** 

I I II II ft 

r— to r— r- r— 00 

CM f— CsJ r— 


to CM 

^ CM 


g“l 

S“I 


CM 

52 

CM 

CO 

cn CO 

CM CM 

'■e 


o 

r— 

OO 

o o 

r— 

X3 •#» 

< 


CO 

O X 

^ o 

03 

C tA 


S5 


GCOC 


U (9 tztz 

i!ii 



ILE II (Continued) 

/pressure I,D. number SUHWRY (Concluded) 






DATA SET COLLATION SHEET (Coutiniiwl) 
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TABLE III. MODEL DIMENSIONAL DATA 
MODEL COMPONENT: BODY - By, 

GENERAL DESCRIPTION; Orb iter Fi.isc]a£;e Configur ation 140 A/B 

NOTIi: i dent i cal to Boi exce pt underside of fusclofic refaired to 

accept Wi](, • 



Model Scale ^ .0405 


VL70-000193 

DRAVIING N UMBER: VL70-000140A 



i' 





DIMENSIONS: 


FULL-SCALE 

MODEL SCALE 

Length (Body F-wd Sta = 

235) - in. 

' 1290.3 

52.2S715 

Max. Width (ai = 1520) 

- in. 

262.0 

10.61100 

Max. Depth (at = 1464) 

- in. 

250.0 

10.12500 

Fineness Ratio 


4.92481 

4.92481 

Area - ft* 

Md)f. Cross-Sectional 
Planform 


340.88462 

0.5S914 

Wetted 




Base 






RfiMlODtJCffilLllY OF THE 
ORIGINAL PAGE IS POOR 
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TABLE III. (Continued) 

MODEL COMPONENT; CA::o?Y - Cq 

GE NEPAL DESCRI PTI ON; Confi»;urBtion 3A 


Ifodcl Scale = .0405 

VL70-000140A 

DRAWING NUMBER VL70-O00n /i?A 

DIMENSION ; 

Length (X^H34.643 to 670) 

Mok Width (G Xo=513.l27) 

Mok Depth (O XqHV85.0) 

Fineness Ratio 
Area 


FULL SCALE 

23?. 357 
152.412 
25.000 


Mox Cross-Sectional 
Planform 

Wetted 

Base 


MODEL SCALE 

9.53196 

6.17269 ■ 

1.012S0 
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TABLE III.' (Continued) 

MODEL COI'POHENT; nFMCV, - E ?f, 

GENER/vL DESCRIPT10:i: Confi^un.iion 4 


Kgrr.: VL7O-arO400 d^tu for (1) of (2) sides. Identical to C 25 except 


airfoil 

thickness 


Model RcpIc ~ 

.0405 



VL7O-O0G400 

DRAWIKG tiUy.BER; VL70-000140 



DIHEHSIOIIS: 

FULL-SCALE 

MODEL SCALI 

Area 

223. 5BU 

0.36673 

Span (equivalent) 

360.34 

14v91777 

Inb'd equivalent chord 

119.623 

4.84473 

Outb'd equivalent chord 

55.1922 

2.23528 

Ratio movable surface chord/ 
total surface cliord 

At Inb'd cquiv. chord 

0. 2096 

0.2096 

At Outb'd equiv. chord 

0.4004 

0.4004 

Sweep Back Angles, degrees 



. . Leading Edge 

0.00 

- 0.00 

. Tailing Edge 

-10.056 

-10.056 

Hingeline 

0.00 

0.00 

Area Moment (Womal to hinge line) 

051.1502 

0.05654 
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TABLE III. (Continued) 


O 

MODEL COMPONENT; Body Flap - Fg 

GENERAL DESCRIPTION: Configuration 4 


^todel Scale - .0405 


DRAWING NUMBER 

VL70-000140B, VL70-000400 


DIMENSION: 

FULL SCALE 

MODEL SCALE 

Length in. 

94.856 

3.84167 

Mok Width in- 

262.308 

10.62347 . 

Mox Depth in. 

23.000 

0.93150 

Fineness Rotio 
Arco - ft^ 

Mox Cross-Sectlonol 



Plonform 

158.85350 

0.26056 

Wetted 



Bose 

41.89642 

0.06872 
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TABLE III. (Continued) 


MODEL COMPONENT: LANDING GEAR - 615 . 

GENERAL DESCRIPTION: Main and nose landing gear, doors, and assemblies. Gear 

are in extended position, nose gear doors open 45°, main gear doors vertical. 
MODEL SCALE: 0.0405 


DRAWING NUMBER: VL70-000140A 


DIMENSION: FULL SCALE 

nose gear 

Number of wheels 2 

Wheel axis: 

Fuselage station 374.74 

Waterline 221.51 

Wheel diameter, in. 32.00 

Wheel width, in: 

Each wheel 8.80 

Centerline-to-centerline 22.0 

Main strut diameter, in. 7.72 

Side door, both sides: 

Length, in. 105.93 

Width (follows body contour) 21 .53 

Maximum thickness 7.01 

Fuselage station at center of leading edge 27^.5 ~ 


MODEL SCALE 

2 

15.177 

8.971 

1.296 

0.356 

0.891 

0.312 

4.290 
0.872 
0.284 
IV. 320 


MAIN GEAR 

Number of wheels 2 

Wheel axis: 

Fuselage station 1178.00 

Waterline 185.26 

Wheel diameter, in. 44.20 

Wheel width, in: 

Each wheel 16.05 

Centerline-to-centerline 36.00 

Main strut diameter, in. 9.26 

Buttplane of main strut centerline 136.6 

Side door: 

length, in. 156.05 

Width, in. 68. 64 

Maximum thickness, in. ' ? 

Fuselage station at top of leading edge 1044.93 

Centerline buttplane 176.67 


2 


47.709 

7.503 

1.79' 

0.65 

1.458 

0.375 

5.569 


6.32 


7ST 


42.320 


rrm 


o 
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TABLE III. (Continued) 


MODEL COMPONENT: .Of? P(V3 - M? 

# 

GENERAL DESCRIPTION: Cor.fi<;’ar&tion 3A 


1 

i. 


Model Scale ; ..0405 . 

VL70-CXX)U0A 

DRAWING NUMBER VL70-0001AS 

DIMENSION ; FULL SCALE MODEL SCALE 

Length (0MB Pwd Ste X^j=1233.0) - 111. 327.000 13.24350 

Mok Width (Q Xo==1450.0) - ID. 94.5 3.82725 

Mox Depth (0 Xo=1493.0) - IN. 109.000 4.4145 

if 

Fineness Rotio 

Areo 

Mox CrosS'Sectionol ' _____ ___ 

Plonform ________ __________ 

Wetted ' 

Bose 





TABLE HI. (Continued) 


MODEL COMPONENT: R’ ID DKR - R5 ' ' 

GENERAL DESCRIPTION: 2A, 3 »nd 3A Configuration per Rockwell Lines 

VL70-000095 


Model Scftle = .0405 


DRAWING NUMBER: VL70-0CX)095 


DIMENSIONS; FULL-SCALE 

Area - FT2 106.38 

Span (equivalent) - IN, 201.0 

Inb'd equivalent chord 91.585 

Outb'd equivalent chord , 50.833 

Ratio rriovable surface chord/ 
total surface chord 

At Inb'd equiv. chord 0.400 

At Outb'd equiv. chord 0.400 

Sweep Back Angles > degrees 

Leading Edge 34.83 ■ 

Tailing Edge 26,25 

Hingeline 34.83 


Area Moment (Normal to hinge line)- FT^ 526.13 
Product of Area end Mean Chord 


MODEL SCALE 

0.17449 

8.14050 

3.70919 

2.05874 


0.4X 

0.400 


34, t83 . 

26.25 

Mim 
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TABLE III. (Continued) 
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MODEL COMPONENT ; VERTICAL >■ V o 

GENERAL DESCRIPTION: Confi 'duration 3«'» 

.*Jf?TS: r»lr.ilrr to V5 vr.th rFdi’*s on T!? 

. where vcrt1<*f.l mgets fucelaf'e. 


# 


cr cf'rntT trd IJ' Icwcr corner 


Model Scale .0405 ^ 

VL70-0C0140H 

DRAWING NUMBER: VL70-0001L<'A 

DIMENSIONS : 

TOTAL DATA 

Area (Theo) Ft^ 

Planform 
Span (Theo) In 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0*20 Element Line 
Chords: 

Root (Theo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W. P. of .25 MAC 
B. L. of .25 MAC 
Airfoil Section 

Leading Wedge Angle Deg 
Trailing Wedge Angle Deg 
Leading Edge Radius (.’lin) - IN. 
Void Area 
Blanketed Area 


FULL-SCALE MODEL SCALE 


413.253 


3.T5.770 
1.675 
0. 507 


45.00 

25.9L7 

41.130 

268.500 




10.00 


2Ju2Zl 
11., 17 

J2*£a- 


0. 67784 

1. ^75 
0.A0399 

h^.OO 




lflx974jL5. 

4.39303 

j.2.27)7S 

_£Ui2_ 


10.00 


14>.?2? ■ 

ja 4 . 081 , g, 

JUUIM 
Jl»£2 


Q 
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TABLE III. (Continued) 


K.0DEL COMPONENT; vmiG-Hn ft 

GENERAL DESCRIPTION; Configuration 4 


NOTE; Identical toW ]]4 except airfoil thickness. Dihedral angle is along 
trailing odge of wing. 


Model Seale = >0405 
TEST NO. 


.,A VI.70-000M0B 
DWG, NO, VL70-000400 


DIMENSIONS; 


FULL-SCALE MODEL SCALE 


l?§ 


TOTA L OATA 

Area CHiec.) Ft^ 

Planfornj 
Span (Theo In, 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral A/iglc, cisgreesCat 1506. 623, Y(,= 

Incidence Angle, degrees 10.5, Zq® 282.7.5) 
Ac rods'll a r.iic Twist, degrees 
Sv/cep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.26 ElcMont Line 
Chords; 

Root (Theo) B.P.O.O. 

Tip, iThco) B.P. 

MAC 

• Fus. Sta. of .25 liAC 
. W.P. of .25 MAC 
B.L. of .25 MAC 

EXPOSED DATA 

Area O'oeo) Ft 

Span, (Theo) In, BP108 

Aspect Ratio 

Taper Ratio 

Chords 

Root BP103 
Tip 1,00 I) 

7 

MAC 

Fus. Sta, of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rock.voll Mod NASA) 

XXXX-64 

Root b •» 0.42.S 

? 

Tip b » 1.00 

I 

Data for (1) of (2) Sides 
Leading Edge Cuff ^ 

Planfom Area Ft'^ 

Leading Edge Intersects Ftis M. L. 0 Sta 
Leading Edge Intersects Wing 0 Sta 

33 


2690.00 

936.6816 

hUl^ 

0^200 

3..S00 

♦ ■3.000 
45.00 


35.209 

689.2429 
137.84S6 
474.8 117 
U2iL2.2.1_ 
^LOO 

187.53401 

1812.2205 
736 .6c; 16 

2. or. 8 

0.2451 


13 7.8512_ 

554.2376 


292.00 


0.113 


5o r..o 

1003.5 


45.00 


.35.209 


2.0.5S 

0.2451 


0.113 


JOvMUS 



% ^ 


TABLE III. (Concluded) 


MODEL COMPONENT: Transition Grit X, 


GENERAL DESCRIPTION: .0077 In. nominal diameter grit located 0.1 in . 

VfidCy 0,1 in« aft streamwise from leading edge on all swept sur- 
faccs and .0054 in. nominal diameter grit locate 0 .1 in. wide, 1.0 
in. aft of nose 


DRAWING NUMBER: 


DIMENSIONS: 


FULL-SCALE 


MODEL SCALE 


Length 
Hex. Width 
Max. Depth 
Fineness Ratio 


Max. Cross-Sectional 
Planform 


Netted 



Table IV Pressure Bug Location 


I.D. NO. 1 


TUBE 

NO. 

1 

2 

3 

k 

5 

6 

7 

8 
9 

10 

n 

12 

13 

ll* 

15 

16 

17 

18 

19 

20 
21 


FUS. 

STA. 

235 

2U5 


?M 

2l»5 

ZaZ 

.25 

.75 


0 


90 


180 

x/c 

0 

0 


I.0C. 

NO. 

FI 

F2 


F3 

F159I 

|N1 
N? 


21 

2l. 

25 

26 

27 

28 

29 

30 


NO'l’ES; 


(1) I.D. NO. REFERS TO PRESSURE BUG 
CONFIGURATION (SEE TABLE II FOB 
RUN NUMBERS AND TEST CONDITIONS) 


(2) LOCATION NO. INDICATES COMPONENT 
ON WHICH A SPECIFIC B’JG IS IXICATED: 

F » FUSELAGE (LETT SIDE UNLESS 
OTHERWISE NOTED) 

' W ■“ WING 

M •> LEFT MAIN GEAR DOOR 
N LEFT NOSE GEAR DOOR 
V - VERTICAL TAIL 
I - INSIDE 
0 - OUTSIDE 
L - I.EFT 
R - RIGHT 
T TOP 
B - BOTTOM 

(3' NO PRESSURES RECORDED ON TUBE 
NOS. NOT PILLED IN 
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TsbU IV 

Pressure Bug Location 


ll.D. NO. 2 


I.D. NO. 3 


I.D. NO. 4 


TUBS FUS. ^ LOG. 

NO. STA. :io. 

““i 2^ —— 

2 A 20 F5 

3 40 F6 

4 55 F7 

5 70 F8 

6 90 F9 

7 , , 120 FIO 

8 » 150 Fll 

O 265 180 F12 


0 F13 
20 F14 
40 )f15 
55 F16 
70 F17 
90 F18 
120 F19 
150 F20 
180 F21 


325 0 ¥22 

20 F23 

40 F24 

55 F25 

70 F26 

90 F27 

, , 120 F28 

▼ 150 F29 

325 180 F30 


.051 II3 
.050 H03 
.051 NI4 
.050 N04 


.25 .201 NI5 

.25 .200 N05 

.75 .201 NI6 

i.75 .200 N06 


.25 .301 NI7 

.25 . 300 N07 

.75 .301 NI8 

.75 .300 N08 



NO FKES9UHES KKCOitOU) 
ONTUBSNCfi. N(/r FILLKD IN 
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Table IV 

Pressure Bug Location 


I.D. NO. 6 


I.D. NO. 


.701 
.'^00 
.701 
.700 I N012 


.65 F49 

.80 F50 


.901 NI 13 
.900 N0 13 
.901 NI 14 
.900 N0 14 


NO FHESSURE5 kl-lCOltDED 
ON TUnK NOO. NC/T FILLED IN 
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Table IV 

Pressiire Bug location 


I.D. NO. 12 


I.D. NO. 13 


FUS. 

STA. 


LOG. 

NO. 

625 

0 

F70 

625 

,40 

F71 

625 

70 

F72 

A 

90 

F73 

I 

120 

F74 

? 

150 

F75 

625 

180 

F76 

r\ 

.X/C 


.25 

.301 

MI ' 

.25 

.300 

M0 ' 

.50 

.301 

MI K 

.50 

.300 

K 

.75 

.301 

MI i; 

.75 

.300 

HZ) 1 

.299 

0 

HW 1 

.405 

0 

IW 7 

.534 

0 

UZ 6 

.673 

0 

9 

.780 

0 

IWIO 

.887 

0 

LWll 


725 0 F77 

725 40 F78 

725 70 F79 

1 90 F80 

120 FBI 
150 F82 

725 180 F83 


.501 MI 12 
.500 12 
.501 MI 13 
.500 V0 13 
.501 MI 14 
.500 M0 14 
.088T liW 2T- 
.088B RW 2B 


,020T. IW12T 
.020B 1W12B 
.020T IW13T 
.020B IW13B 
.020TJIW14T 
.020;V 1W14B 
.02OT IW15T 
.020B U<15B 

.02OT IW16T 
.020B IW16B 


FUS. 

STA. 

0 

LOC. 

NO. 

880 

0 

F84 

880 

40 

F85 

880 

70 

F86 

A 

90 

F87 

1 

120 

F88 

T 

150 

F89 

880 

180 

F90 

n 

175“ 


.25 

.701 

Ml 15 

.25 

.700 

M015 

.50 

.701 

MI 16 

.50 

.700 

M0 16 

.75 

.701 

MI 17 

.75 

.700 

M017 

.299 

.222T 

RW 3T 

.299 

.222B 

RW 3B 

.299 

. 358 T 

P1W17T 

.299 

•358B 

LW17B 

.405 

.052 T 

IW18T 

.405 

.052B 

IM18B 

.534 

.05 T 

IJW19T 

.534 

.05 B 

LW19B 

.673 

.05 T 

IW20T 

.673 

.05 B 

1»20B 

.780 

.05 T 

IW21T 

.780 

.05 B 

LW21B 

.88*/ 

.05T 

LW22T 

.887 

.05 B 

Iirf22B 


NO PRF.SSURES RECOHDED 
ON TUBE NOS. NOT FILLED IN 







Table IV 

Pressure Bug Location 


I.D. NO. 14 


I.D. SO. 15 


. NO. 16 


TUBE FUS. 
KO. STA. 


10 .158 



LOG. 

KO. 

0 

F93 

40 

F94 

70 

F95 

90 

F96 

120 

F97 

150 

F98 

180 

X/C 

F99 

0 

V 1 

1.00 

M 21 

0 

V 2 

0 

V 3 

0 

V 4 

1.00 

M 22 

0 

V 5 

.080T 

i?W 5T 

.080B 

HW 58 

.492T 

LW28T 

.4928 

1W28B 

.25 T 

IM29T 

.258 

IW29B 

.25 T 

IW30T 

.258 

1 JW 30 B 

.25T 

IX31T 

.258 

IW31H 

.25T 

1W32T 

.258 

LW32B 


FUS. 

STA. 

4 

1180 

0 

1180 

40 

1180 

70 

4 

90 

1 

120 

f 

150 

1180 

180 


.158 .02L LV 6 

.316 .02L LV 7 

.600 .02 I LV 8 

.840 .02 I LV 9 
.925 .02 I LV 1C 


.352 .24Cq i^W 6T 

.352 .2403 liW 68 


.40*^ .431T L»<33T 

.405 .431E LW33H 

.534 .40T 1W34T 

.534 .40B LW348 

.673 .40T IW35T 

.673 .40B LW35B 


NO PRESSURES iiECORDED 
ON TUBE NQ6. NOT FILLED IN 






















I.D, NO. 17 


I.D. NO. 18 


I.D. NO. 19 


TUBE 

NO. 

FUS. 

STA. 


LOG. 

NO. 


FUS. 

STA. 


IOC. 

NO. 

1 

1245 

0 

FIO 7 


1300 

0 

FII 7 

2 



40 

F108 




40 

F118 

3 



70 

FIO 9 




70 

F119 

4 



■90 

mo 




90 

F120 

5 



105 

Fill 




105 

F121 

6 



120 

F112 




120 

F122 

7 



135 

F113 




135 

F123 

8 



150 

F114 




150 

F124 

9 



165 

FII 5 


1300 

165 

F125 

10 

1245 

180 

F116 







n 

x/c ^ 



n 

x/c 


11 

.158 

.05L 

LVll 


.158 

.151 

1V16 

12 

.316 

.05L 

LV12 


.316 

.151 

1V17 

13 

.600 

.051 

LVI 3 


.600 

.151 

1V18 

U 

.840 

.051 

LVI 4 


.840 

.151 

1V19 

15 

16 

.925 

.051 

LVI 5 


.925 

.151 

1V20 

17 










18 










19 

.299 

.695T 

.IW37T 


.299 

.831T 

IW43T 

20 

.299 

.6958 

1W37B 


.299 

.831B 

LW43B 

21 

.405 

.574T 

LW38T 


.405 

.763T 

IM44T 

22 

•405 

.5748 

LW38B 


.405 

.7638 

IW44B 

23 

.534 

.55 T 

IW39T 


.534 

.725T 

LW45T 

24 

• 534 

.55 B 

1W39B 


.534 

.7258 

I>E45B 

25 

.673 

.55T 

LW4OT 


.673 

. 70 T 

IMU6T 

26 

.673 

.558 

IW40B 


.673 

. 7 OB 

1M46B 

27 

• 7P0 

.65T 

IW41T 


.780 

.75T 

1W47T 

28 

• 780 

.658 

i>i4in 


.780 

.75 B 

IW47B 

29 

.887 

.6OT 

1W42T 


.887 

.75 T 

IW48T 

30 

.887 

.60B 

1W42R 


.887 

.75 B 

1M48B 


FUS. 

STA. 


LOG. 

NO. 

1375 

u 

F126 


i 

40 

F127 



70 

F128 



90 

F129 



105 

FI 30 



120 

FI 3 I 



135 

F132 



150 

FI 33 

1375 

165 

FI 34 

rj 



.158 

.301 

IV a 

.316 

,301 

IV 22 

.600 

.301 

IV 23 

.840 

.301 

IV 24 

.925 

.301 

1V25 

.299 

. 864 T 

1W49T 

.299 

.8648 

IW49B 

.405 

.81 T 

1W50T 

.405 

.81 B 

U/ 5 OB 

.534 

.775T 

1W51T 

.534 

.7758 

W51B 

.673 

.775T 

LW52T 

.673 

.7758 

IM5ZB 


NOTE: NO PiihSSUltI-5 ItfCOKUED 

ON TUBE-: NCTS. NOi' FIU.KI) IN 


} 

















T«bl« C7 

?r«t8ur« Bug Loeatloa 



I.D 

. NO. 20 

I.D. 

NO. a 

I.D. NO. 



22 

TUBS 

FUS. 

6 

U)C. 

mu 

FUS. 

A 

LOC. 


PUS. 

A 

LOC. 

NO. 

STA. 

w 

NO. 


STA. 


NO. 


STA. 

m 

NO. 


U30 

0 

P135 


1480 

0 

F144 


1530 

1100 

FI53 




40 

F136 




40 

FU5 


A 

UOI 

FI54 




70 

F137 




70 

F146 


J 

1200 

PI55 




90 

F138 




90 

FU7 


1530 

1201 

FI56 

5 



105 

P139 




105 

F148 


1580 

0 

FI57 




120 

F140 




120 

FU9 


1580 

40 

F158 




135 

FUl 



1 

135 

F150 








150 

F142 




150 

F151 






1430 

165 

nfj 


1480 

165 

F152 






n 




IV 

~w 



n 

17c” 


U 


% 

.52L 

LV 26 


M 

65L 

W 31 


.158 

.775L 

LV 36 

12 

m 

m 

.52L 

LV Zl 



65L 

LV 32 


.316 

.7751 

LV 37 

13 

.600 

.52L 

LV 28 


.600 

.65L 

LV33 


.600 

.7751 

LV 38 

H 

.840 

.52L 

LV 29 


.840 

.65L 

IV 34 


.840 

.7751 

LV 39 

15 

16 

.925 

.52L 

LV 30 


.925 

.65L 

LV 35 


.925 

.775L 

LV 40 

17 









- 





18 














19 

.299 

898T 



.405 

.905T 

IW58T 


.299 

.9661 

IW61T 

20 

.299 

.898B 

IM53B 


.405 

.905B 

1M58B 


.299 

.9668 

U«61B 

21 

.405 

.858T 

IM54T 


.534 

.90 T 

IW59T 


.405 

.952T 

1W62T 

22 

.405 

.8588 

22IJ: 


.534 

.90 B 

W59B 


.405 

.952B 

IN62B 

23 

.534 

.85 T 








.534 

.95 T 

1W63T 

24 

.534 

.85 B 

f ^ 







.534 

.95 B 

IM63B 

25 

.673 

.85 T 








.673 

.V5T 

IW64T 

26 

.673 

.85 B 

* t >i«j» 







.673 

.958 

l)rf64B 

27 

.780 

.85 T 

Jj oj 







.780 

.95 T 

1W65T 

28 

.780 

.85 B 







• 

.780 

.95 B 

IW65B 

29 






.887 

.90 T 

1M60T 





30 

Lmmm 



HI 



.887 

.90 B 

1M60B 






NOTC: NO PRESSURES RECORDED 

ON TUBE NOS. NOT PIUED IN 
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Table IV Pressure Bug Lecation 


I.D. NO. 23 


l.D. NO. 2k 


, NO. 25 


FUS. 

STA. 


IW43T 

IM44T 


:;0 PRESSUliES iuscorukd 
ON TUBE NOB. NOT FILLEU IN 


F 110 
F 111 
F 112 
F 113 
F 114 
F 115 
F 116 


.02 L 
.02 L 
.02 L 
.02 L 
.02 L 

.02 R 

.02 R 
.02 R 
.02 R 
.02 R 


6 
7 

LV 8 
LV 9 
LV 10 


RV 10 


.158 

.05 L 

.316 

.05 L 

.600 

.05 L 

.840 

.05 L 

.925 

.05 L 

.158 

.05 R 

.316 

.05 R 

.600 

.05 R 

.840 

.05 R 

.925 

.05 R 


* 


.831 T 
.763 T 


LV 

14 

LV 

15 

RV 

11 

RV 

12 

RV 

13 

RV 

14 

RV 

15 

RF 

1 

RF 

2 

RF 

3 

RF 

4 

RF 

5 

RF 

6 

RM 

7T 

iV 

8T 



































O^vn-^ W H* 


I.D. NO. 26 


.864 T 
.810 T 


Table 17 

Preseure Bug Location 


I.D. NO. 27 


IW49T 

IW50T 


.158 

.15 L 

.316 

.15 L 

.600 

.15 L 

.840 

.15 L 

.925 

.15 L 

.158 

.15 R 

.316 

.15 R 

.600 

.15 R 

.840 

.15 R 

.925 

.15 R 

FUS 

6 

STA. 

1300 

90 


105 


120 


135 


150 




m 

.299 

.864 T 

.405 

.810 T 


LV 16 
LV 17 
LV 18 
LV 19 
;.V 20 

RV 16 
RV 17 
RV 18 
RV 19 
RV 20 


HF 7 
RF 8 
RF 9 
RF 10 
RF 11 
RF 12 


EW 9T 
RW lOT 



X/C 


.30 L 
.30 L 

.600 

.30 L 

.840 

.30 L 

.925 

.30 L 

.158 

. .30 R 

.316 

.30 R 

.600 

.30 R 

.840 

.30 R 

.925 

.30 R 




x/c 


.898 T 
.854 T 


IW53 T 
LN54T 


F 129 
F 130 
F 131 
F 132 
F 133 
F 134 


LV 21 
LV 22 
LV 23 
LV 24 
LV 25 

RV a 
RV 22 
RV 23 
RV 24 
RV 25 


hF 13 
RF 14 
RF 15 
RF 16 
RF 17 
RF 18 


RW IIT 
RW 12 T 


I.D. NO. 


.52 

L 

.52 

L 

.52 

L 

.52 

L 

.52 

L 

.52 

R 

.52 

R 

.52 

R 

.52 

R 

.52 

R 


NO PRESSURES RECORDED ON 
TUBE NOS. NOT FIL1£D IN 









































































Figure 1. Axis Systems 






Fwd Balance 



Figure 2. Continued 




Xfmt. 



Pressure Bug Location 
Figure 2. - Continued - 
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PRESSURE TAP LOCATIONS FOR NOSE LANDING GEAR DOOR 
(L.H. shown) 
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PRESS'JInE tap LOCATION’S FOR 
(L.H. shown) 


main land INC GLAR DOOR^ 


NOTES Taps shown on aft end of door; taps required on front 

Taps shown on outside; taps required in inner side also. 


0. Landing Gear Door Pressure Tap Locations 
Figure Concluded 
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TABULATED FORCE DhTA 
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